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0 Salts of glycosamlnoglycans with esters of amlnoaclds, preparation thereof and pharmaceutical 
formulations containing them. 



© Salts of glycosaminoglycans, like heparin and its low molecular weight fractions, glucuronyl- 
glycosaminoglycan sulfate^ dermatan sulfate and its low molecular weight fractions, prepared by treating said 
glycosaminoglycans with esters of aminoacids of formula 



Ri - CH - OOGRa 



^ wherein Ri represents hydrogen, straight or branched Ci-C6-alkyl, aryl, substituted or unsubstituted arylalkyi, 
and R2 represents straight or branched Ci-Ci2"alkyl, cycloalkyi, aryl or arylalkyi and phamiaceutical formulations 
^ containing them, absorbable by oral administration. 

^ These salts show the anticoagulant, antithrombotk: and antiatherosclerotic activities typical of the 
^ glycosaminoglycans also by oral administration. 
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The glycosaminoglycans are products of natural origin, obtained from tissues of animal origin, made by 
heterogeneous mixtures of chains of polysaccharides sulfated in different ways having a very wide range of 
molecular weights, varying from few thousands to some tens of thousands of Daltons. 

Heparin, mainly made by units containing D-glucosamine and L-lduronic or D-glucuronic acid sulfated in 
5 different ways, having a molecular weight ranging from 6000 to 30000 Daltons, generally used as 
anticoagulant and antithrombotic drug as sodium, potassium, calcium or magnesium salt. Is the most known 
among them. 

Low molecular weight heparins, derivatives having a smaller degree of polymerization, with molecular 
weights ranging from 1500 to 8000 Daltons. having therapeutical activities similar to those of the heparin. 

10 are obtained from heparin by chemical or enzymatic treatments. 

The chondroitins are other glycosaminoglycans extracted from tissues of animal origin, one of which, 
previoulsy known as chondroitin sulfate B. is the dermatan sulfate having antithrombotic and antihyper- 
lipoproteinemic activity, from which, like in the case of heparin, it is possible to obtain low molecular weight 
fractions ranging from 2000 to 6000 Daltons. 

15 Glucuronylglycosaminoglycan sulfate, known under ihe name sulodexide (International Nonproprietary 
Name), having antithrombotic and antiatherosclerotic activity, is another substance pertaining to this class of 
drugs. 

All these polysaccharides, as salts of alkali or aikali-earth metals (sodium, potassium, calcium and 
magnesium) were extensively studied in tiie prevention and ttierapy of many pathologies of thrombotic or 
20 atherosclerotic origin. 

Neverttteless, their therapeutic use is restricted by tfie fact that ttiese salts have to be parenterally 
administered owing to their scarce absorption by oral administration. 

For quite a time remarkable efforts are carried out to find adjuvant substances or derivatives or 
pharmaceutical formulations which can be able to make the glycosaminoglycans orally absorbable, in view 
25 of their great therapeutical interest in the prevention and therapy of atherosclerotic and thrombotic 
pathologies. 

At the beginning they tried to solve the problem by using adjuvant substances like EDTA ((Tidball et al., 
Proc. Soc. Exp. Biol. Med. 1_1J. 713-5, (1962)]. dimethylsulfoxide and diethylsuffone [Koh T.Y.. Cah.'j. 
Biochem., 47, 951-4 (1969)1. nitrilotriacetic acid [Jan^et et al., Thromb. Diath, Haemon-h., 25, 187-200, 
30 (1971)] or citric acid [Sue T.K. et al.. Can. J. Physiol. Pharmacol., 54, (4), 613-7, (1976)]. 

Engel R.H. and RiggI "S.J. contemporaneously tried to help tiie oral absorption of the 
glycosaminoglycans by adding some surfactants, mainly sulfated or sulfonated surfactants, which cause the 
formation of emulsions tiiat aid the absorption in the experimental animals [J. Pharm. Sci..58, 706-10 and 
1372-5.(1969)]. 

35 Another way was that of preparing salts and complexes with weakly basic organic substances, like 
amines, or amphoteric substances, like amides or aminoacids, as reported in US patents 3506642 and 
3577534. 

More recentiy tiiey tried to aid the absorption of the glycosaminoglycans by using as vehicle 
appropriate pharmaceutical fonmulations containing liposomes (Masaharu Ueno et al.. Chem. Pharm. Bull., 
40 30, (6). 2245-7, (1982). belgian patent BE 86001 1 , french patent FR 2492259). or by making complexes with 
ammonium quarternary bases (intemational publications PCI WO 85/05362, US patents 4510135 and 
4654327). 

In spite of all ttiese attempts, oral formulations of glycosaminoglycans for tiie ttierapy of tiie thrombotic 
and atherosclerotic pathologies are not commercialized yet 
45 This Is probably due to ttie fact ttiat the till now described fomnuiations contain substances which are 
not tolerated by the human body, mainly In the long mn, and/or these formulations do not possess the 
necessary stability. 

Therefore it is still necessary to find phamnaceutical formulations containing glycosaminoglycans, 
suitable for the oral absorption. 

so 

SUMMARY OF THE INVENTpN 

New salts of glycosaminoglycans. orally absorbable prepared by salification of glycosaminoglycans, 
under acidic form after treatment with ionic exchange resins, with esters of aminoacids of formula 

55 
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- COORa 



I 



wherein Ri represents hydrogen, straight or branched Ci-Cc-alkyI, aryl. substituted or unsubstituted 
arylalkyi and R2 represents straight or branched Ci-Ci2-alkyl, cycloalkyt, aryl or arylalkyi, and isolated by 
freeze-drying, are the object of the present invention. 

Pharmaceutical formulations containing said salts are a further object of the present invention. 

Preferred pharmaceutical fonmulations are those orally adminlstrable, mainly gastrorestistant capsules 
and tablets, suitable for releasing the active principle in the more proper place for a b&tter absorption. i.e. in 
the duodenal and intestinal zones, so avoiding the degradation caused by the gastric juices. 

The use. as glycosaminoglycans. of the heparin and of its low molecular weight fractions, obtained 
according to well known methods of chemical or enzymatic depolymerization, of the glucuronyl- 
gtycosaminoglycan sulfate known as sulodexide, of the dennatan sulfate and of its low molecular weight 
fractions, constitutes a preferred aspect of the present invention. 

Another prefen-ed aspect of the present invention is that in which the esters of aminoacids of formula 



used for the salification of the glycosaminoglycans are those wherein Ri represents hydrogen or substituted 
or unsubstituted arylalkyi and R2 represents straight or branched Ci-Ce-alkyl. or arylalkyi. 

Methyl, ethyl. Isopropyl. tert-butyl. isoamyl and benzyl esters of glycine, phenylalanine and tyrosine are 
prefenred among these compounds of formula I. 

The process of preparation of the salts of the glycosaminoglycans with the esters of aminoacids of 
formula I initially foresees the removal of the alkaline or alkaline-earth cation, generally sodium, of the 
glycosaminoglycan and its substitution by a H* ion to obtain the acidic, not salified. form of the 
glycosaminoglycan. This removal is obtained by percolating an aqueous solution of an alkaline or alkaline- 
earth salt of glycosaminoglycan through a chromatographic column containing a cationic resin activated in 
H* fonm. preferably an AG 50W-X8 resin in H* fonn. and by eluting wKh distilled water until the eluate 
becomes neutral. The eluate containing the glycosaminoglycan in acidic form Is directly poured into an 
alcoholic solution of an ester of aminoacid of formula I and the resulting solution is partially evaporated 
under vacuum until complete elimination of the alcohol used to dissolve the ester of the aminoacid. The 
alcohol used is an alcohol containing from 1 to 3 carbon atoms, preferably methanol which has the 
advantage of having the lowest boiling point. 

The resulting aqueous solution Is freeze-dried obtaining the desired salt with quantitative yield. 

The amounts of esters of aminoacids used to salify the glycosaminoglycans are equimolecular in 
respect to the milliequivalents of acidic groups, sulfates and carboxyls, for each gram of 
glycosaminoglycan. determined by potentiometric analysis. 

The so obtained salts were characterized according to some chemical-physical parameters, like the 
specific rotatory power and the infrared and ultraviolet spectra, and their chemical-physical characteristics 
are listed in the following table 1. 



R* - 



CH - OOORa 



I 



NHa 
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TABLE i 

Chemical-physical characteri stics of salts of 

5 

qlycosaminoqlycans with aminoesters 





■ Compound 
: in example 


! Rotatory 


Power 


1 I.R. Spectrum 


; u.v. : 
1 opecuruzu 1 
• (nm) ; 


10 


: 569 nm 


: 546 nm 


; (cm-*) 


IS 


: 1 


I '•'25.5 


! +32 . 1 


: 1230,1505,1610, 
: 1730,3100-3400 


: 223 : 
: 274 : 


20 


; . 2 


: ^26.8 


I +32.8 


; 1050,1150.1250, 
; 1380,1450,1520, 
; 1620,1740,3000. 
3450 


; 223 : 

273 ! 


25 


3 


; +29.5 


: +42.1 


1220,1510,1610, ! 
1730,3000-3500 : 


224 ; 
274 : 




4 i 


+ 27.4 


+36.5 . 


1240,1510,1610, : 
1730,3000-3500 : 


224 : 
274 : 


30 j 












35 i 


5 : 

6 ; 


+ 25 .8 
+38.9 ; 


+34.1 ! 
+47.4 : 


1220,1400,1490, : 
1620, 1740,3000-: 
3500 I 

1260, 1610,1740, ; 
2900,3450 : 


252 : 
256 : 
262 : 
267 : 

258 : 


40 ' 


7 ; 


+25.3 1 


+34.4 ; 


1240, 1510,1610, : 
1740,3000-3400 ; 


224 : 
274 ; 


45 ; 


8 ; 


+24.6 1 


+30-2 ! 


1040, 1100,1150, : 
1250, 1380,1450, ! 
1500,1620,1740 : 
3100,3450 : 


263 : 
257 ; 
251 ; 



continues. . . 
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; Compound 
: described 
: in example 


; Rotatory 


Power 


! I.R. Spectrum 


; u.v. : 
; Spectrum : 
; (nm) : 


: 589 nm 


: 546 nm 


1 (cm-*) 


: 9 


• +27.8 


1 +35.0 


1260, 1620, 
1740,3000-3500 


223 : 
1 272 : 


: 10 1 


+22.6 1 


+25.6 1 


1250,1610,1740 ! 
3000-3500 


223 : 
273 ; 


; 11 : 


+40.7 ! 


+48.6 1 


1260,1620,1740, : 
3000-3500 : 


224 : 
272 ; 



20 

The rotatory powers were determined in 20% (v/v) aqueous methanol at 1% concentration and at 20*C. 
The I.R. spectra were carried out in KBr with a Perkln-Elmer 281 B spectrophotometer. 
The U.V. spectra were carried out In 20% (v/v) aqueous methanol with a double beam Perkln-Bmer 552 
spectrophotometer. 

25 The salts of the glycosamlnoglycans object of the present invention show the same pharmacological 
characteristics as the corresponding alkaline and alkaline-earth salts and therefore the use of these salts 
and of the pharmaceutical formulations containing them in the prevention and treatment of the thrombotic 
and atherosclerotic pathologies constitutes another aspect of the present invention. 

The so obtained and characterized salts of the glycosamlnoglycans with the esters of the aminoacids of 
30 formula I were submitted to some pharmacological tests on animals to verify their true absorption in respect 
of the non absorption of the sodium salts of the same glycosaminoglycans. 

In particular, the antithrombotic activity and the variations of three parameters generally used to define 
the activity of the glycosaminoglycans were tested and therefore the following tests were carried out: 

1. Dosage of the clearing-factor with Ediol test as described from BianchinI et a!.. Blochem. Exp. Biol.. 
35 10, 243-7 (1972). 

2. Dosage of the activated partial thromboplastin time (APTT) according to the coagulometric method of 
Larrieu M.T. et al.. Rev. Hemat., 12, 199. (1957), by using the Boehringer's analytic kit. 

3. Dosage oflhe inhibition of the activated tenth factor (AXa) according to the coagulometric method of 
Yin E.T.. et al., Lab. Clin, f^ed., 81, 298-310 (1973). by using the Sigma's analytic kit. 

40 The antithrombotic activity was" evaluated according to the method of Reyers S., et at., Thromb. Res., 
18, 669-674 (1980). which consists of the ligature of the inferior vena cava, subsequent stasis and formation 
of the thrombus. 

The bioavailability biological tests were carried out on Sprague-Oawley male rats having a body weight 
between 280 g and 300 g, shared in groups of six animals, fasted 16 hours before the start of the test 

45 The salts of the glycosaminoglycans were directly administered in the duodenum, according to the 
method described by Engel R.H. et al., Proc. Soc. Exptl. Biol. Med., 129, (5), 772-7, (1968) at the dose of 
50 mg of active principle for eachlCg'of body weight of the experimental animals, dissolved in a volume of 
distilled water or suspended in a volume of vegetable oil equal to 0.1 ml for each 100 g of body weight. The 
same volume of the liquid used for the administration of the active principle was given to the control group. 

50 The animals were sacrificed under general anaesthesia from ethyl ether and the blood was directly 
taken from the heart at the times of 15, 30 and 60 minutes for the treated groups, while only a taking after 
30 minutes was carried out for the control group and the time was indicated equal to zero in table 2 
because the vehicle, distilled water or oil, does not exert any influence on the biological parameters. 

The evaluations of the prevloulsy described biological parameters were carried out on the plasma 

55 obtained by addition of sodium citrate. The values relating to the variation of the parameters of the clearing- 
factor, of the activated thromboplastin time (APTT) and of the inhibition of the activated tenth factor (AXa) 
produced by the salts object of the present invention in comparison with the sodium salts of the 
glycosaminoglycans are reported in the following table 2. 
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The numerical values clearly show the effect obtained with the administration of the salts object of the 
present invention in comparison with no effect obtained with the administration of the corresponding sodium 
salts. 

TABLE 2 

Effect on clearing-factor, APTT and AXa of the salt s of the 
qlycosaminoqlycans according to the present invention in 
comparison with the c orresponding sodium salts . , 







! Clearing-factor 












Active 


: Time 


: O.D. % after 




APTT 




AXa 




: Principle 


; (min) 


I 30 minutes of 
: incubation 
: "x ^B.e. 


1 X 


( sec) 
+3 .e. 




(sec) 
x" +s.e. 






0 


100-9 +1.6 


19 


.5 +0 


.2 


68.0 +1 


.2 


<* Low 
















2 molecular 


IS 


99.6 ±2.2 


20 


.3 +0 


.3 


70.1 +0 


.8 


: weight 
















: heparin ! 


30 ! 


97.9+1.5 : 


20 


.6 +1 


. 1 


69.3 +1 


.2 


: <LMWH) 1 


















60 


98.8 +1.5 ; 


19 


.7 +0 


.6 


68.6 +1 


. 3 


: R 82812 : 
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10 



30 



! Active 
! Principle 


; Time 
: (min) 


; Clearing-factor 
; O.D. % after 
I 30 minutes of 
! incubation 
1 X +s . e . 


I APTT 
• (sec) 

! X + 3 . e . 


AXa 
(sec) 

7 +3.e. ! 




: 0 


: 97.7+0.7 


5 23. 2 +0.7 


56.1 


+0.5 : 


: Example 1 


1 15 
30 


! 58.2+3.3 
! 71.5+4.4 


! 37 . 9 +3 . 5 
I 27. 5 +1 . 1 


72.1 
63.4 


+ 5.2 ; 

+ 1.2 : 




' 60 


; 85.7 +1.7 


: 33.0+2.0 


66.4 


+1.7 : 




0 


101.1 +0.5 


17.9 +0.9 


56.8 


+ 1.8 ! 


: Example 2 i 


15 : 


56.4+1.9 I 


59.7 +8.2 


77.5 


+2.8 ; 




30 : 


59.8 +4.1 ; 


141.3 +3.8 


71.7 


+2.2 ; 




60 ; 


68.1+3.5 : 


41.3 +2.8 


70.5 


+ 1.2 : 




0 : 


100.4 +0.2 ; 


22.2 +1.4 


75.4+2.6 : 


; Example 3 : 


IS : 


68.6+5.1 : 


30.2 +1.9 


83.0 


+ 1.9 : 




30 ; 


74.4+2.4 ; 


31.4 +2.4 


85.3 


+ 1.6 : 




60 : 


74.4+3.8 : 


30.2 +1.9 


78,9 


+2.8 : 




0 : 


107.8 +7.3 : 


22.8 +1.7 


70.0 


+ 1,2 ; 


Example 4 1 


15 : 


69.4 +3.7 ; 


23.8 +1.7 


73.1 


+ 2.6 ! 




30 : 


75.4 +6.0 ; 


23.8 +1.7 


71.2 


+0.8 : 




60 ! 


93.9 +2.7 ; 


20.8 +0.8 


71.0 


+ 1.3 : 
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: Active 
: Principle 


; Time 
; (min) 


: Clearing- factor 
: O.D. % after 
: 30 minutes of 
: incubation 
>r +8.e. 


: APTT 
1 ( sec ) 

! X" +3.6. 


AXa 
(sec) 

T +3.€. 






: 0 


97.8+1.4 


; 19.9+0.7 


78.8 +1 


.7 ; 


* tLxanpie b 


* « c 

■ lo 


I 41.4 +4 . 9 


J 81,8+7-2 


96.1 +2 


. 9 ! 




! 30 


! 52.8 +2.5 


; 56.3 i3-7 


91.2 +2 


. 5 I 




! 60 


; .81.4+4.3 


! 49.4 +3-9 


88.0 +1 


.9 : 




0 1 


99.6 +0.5 


23.7 +2.0 


80.5 +2 


. 6 : 


• c.xampie o 


15 


62 . 5 +4 . 1 


44.4 +2.3 


106.9 +2 


. 1 : 




30 * 


53.5+1-7 I 


80-0 +3.9 


104.0 +2 


6 : 




60 ; 


76.8+2.7 ; 


46.1 +4.6 


101.0 +2 


6 I 




0 I 


99.6+0.5 ! 


23.7 +2.0 


80.5 +2. 


.6 ; 


t example / » 


1 5 ; 


6 2.5+4.1 : 


44.4 +2.3 


106.9 +2- 


1 : 




30 » 


53.5+1.7 ! 


80.0 +3.9 


104. 0 +2. 


6 ! 




60 : 


76.8+2.7 ! 


46.1 +4.6 


1 01.0 +2. 


6 : 




0 ! 


101.5+1.1 : 


24.6 +2. 1 


72.6 +2. 


5 ; 


ExaiDple 6 ! 


1 C i 

1 5 : 


56.9+2.8 1 


48.4 +2.7 


82.0 +2. 


8 ; 




30 : 


57 . 5 +4 . 6 ; 


51.8 +3.3 


93.1 +2 . 


9 ; 




60 ; 


76.2+3-4 I 


51.1 +3.6 


86.8 +2. 


0 : 
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5 



10 



25 



40 



45 







; Clearing-factor 








: Active 


: Time 


! O.D. X after 


; APTT 


AXa 




; Principle 




: 30 minutes of 


: (sec) 


( sec) 






: (min) 


: incubation 












1 A • C • 


t IT 4>a ^ 


IT ^ 

A • w • 




> ^ JL U w UL U Al ^ 


1 0 




J 23 3 •fO a 


fiQ Q •••1 


2 ; 


: glycosamino 












I glycan 


I 15 


1 87 . 6 +4 . 5 


! 22 9 +1 5 


71.2 +1 


2 1 


: sulfate 


















; 22 0 +2 3 




• o 1 


; SULODEXIDE 














: 60 


: 93.4 +2.2 


: 22.6 +1.5 


67.2 +0 


.8 : 




0 1 


104.8 +0.3 


19.6 +0.6 


78.6 +6 


.4 : 


: Example 9 


15 : 


90. 1 +3.9 


30.6 +2.6 


91.0 +7 


.6 : 




O U 1 


Q3 d 4- 1 1 * 


O 1 t 4-1 1 
O X . X • X 


O Q n 4. o 


o * 




60 : 


92.8 +3.6 ! 


36. 1 +7.2 


83.3 +3 


.8 : 




0 : 


100 7 40 4 : 


73 1 40 6 


70 .1 +1 . 


«7 1 


Injectable ! 












sodiuin 1 


15 ! 


99.4+2.5 t 


22 4 +0 3 


68.2 +2 , 


4 ! 


: heparin : 














30 \ 




23 ft -1-0 1 


70 3 +1 


ft ! 


; 158 K26 : 


60 ; 


98.5 +2-3 : 


24.1 +0.4 


71.1 +1, 


4 : 




0 ! 


103.4 +0.6 I 


28.4 +1.8 


78.6 +2- 


3 : 


Example 11 : 


15 ; 


85.3+4.2 : 


111.4 +14.4 


90.1 +4. 


6 : 




30 ; 


99.4+2.5 : 


66.3 +12.8 


84.4 +1. 


0 : 




60 : 


105.5 +0.2 : 


25.4 +2.1 


78.2 +2. 


4 : 















The antithrombotic activity was evaluated, as reported in the following table 3. for the salt of the low 
molecular weight dermatan sulfate with the tert-butyl ester of the tyrosine described in example 10, 
50 administering by intraduodenal route an oily suspension containing a dose of active principle equal to 200 
mg for each Kg of body weight of the experimental animals. The data reported in the table, in comparison 
with the untreated control animals, unambiguously show the high degree of antithrombotic protection offered 
by one of the salts of the present invention and therefore its bioavailability. 
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TABLES 



Antithrombotic activity in the rat 


Active Principle 


Time (min) 


Number 


Number of animals 


Protection % 


Thrombi weight ^ ±s.e.) 






of animals 


with thrombi 




No active 


15 


8 


8 


0 


4.34 ±0.6 


principle 


30 


8 


8 


0 


3.25 ±0.08 


Example 


15 


8 


2 


75 


0.38 ±0.47 


10 


30 


8 


0 


100 


0 



A further object of the present invention is constituted by pharmaceutical formulations containing the 
salts of the glycosaminoglycans with the esters of the aminoadds of formula 



- jTH - CXXDRa 



wherein Ri and R2 have the before mentioned meanings. 

The pharmaceutical formulations orally admlnistrable are those prefenred according to the present 
invention. Said pharmaceutical formulations were expressly studied to permit to the active principle to 
unaltered cross the gastric juices and to be released In the duodenal and Intestinal zones, so assuring an 
optimal absorption of the salts object of the present invention. 

Capsules and tablets containing therapeutically effective amounts of salts according to the invention, 
preferably from 50 mg to 500 mg, suitably protected against the gastric juices of the stomach and apt to 
release the active principle in a pH range conespondlng to that of the duodenal and intestinal zones of 
absorption, are preferred examples of said pharmaceutical formulations. 

Many additives can be advantageously used for the gastroresistent enterosoluble coating of the 
pharmaceutical formulations preferred according to the present invention, tablets and capsules of soft or 
hard gelatine. The phthalates of polyvinyl and of cellulose, the copolymers and the esters of the metacrylic 
acid can be advantageously used. Within the scope of the present invention, the polyvinylacetophthalate is 
the preferred additive with the addition of plasticizers like the polyethylene glycole and the dielhylphthalate 
necessary in order to improve the flexibility and the elasticity of the protective film. 

The protection Is effected by means of two consecutive coatings, the first coating is earned out in 
coating pan by using hydroxypropylmetylcellulose as main coating agent, together with polyethylene 
glycole, titanium dioxide and talc in a 22:1 mixture of 95% ethyl alcohol and water, while the second coating 
is carried out by sprying a solution made by polyvinylacetophthalate. diethylphthalate and stearic acid in 
95% ethyl alcohol. 

The salts object of the present invention can advantageously be administered also by means of the 
typical pharmaceutical formulations of the glycosaminoglycans. like for instance the parenteral fonmulations. 
as in the case of the corresponding alkaline and alkaline-eartii salts. 

The following glycosaminoglycans were used as starting compounds in the hereinafter examples: 

a) Injectable sodium heparin, 158N26 batch, having an anticoagulant activity equal to 168 I.Uimg. 
supplied by the fimn Opocrin (Italy). 

b) Sodium low molecular weight heparin (LMWH). R82812 batch, obtained by depolymerization of 
sodium heparin by means of cupric acetate and hydrogen peroxide according to the method described 
in the european publication EP 0121087, having an average molecular weight equal to 4000 Daltons and 
an anticoagulant activity equal to 78 I.U7mg, supplied by the firm Opocrin (Italy). 

c) Low molecular weight dermatan sulfate (DES-LMWH), OP 370L batch, having an average molecular 
weight equal to 5600 Daltons and a title equal to 1.4 APTT Units/hig and to 10 I.U. AXa/mg, supplied by 
the firm Opocrin (Italy). 

d) Glucuronylglycosaminoglycan sulfate, known as sulodexide (INN), having a titie equal to 3.7 APTT 
Units/mg and to 82 I.U. AXa/mg. supplied by the firm Alfa Wassermann (Italy). 
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The of the above glycosaminoglycans only helps to Illustrate the Invention and has not to be 
considered as a limitation of the invention that can be effected with any other kind of glycosaminoglycan 
irtdependently from its origin and from the greater or lesser degree of polymerization or sulfation. 

5 EXAMPLE 1 

Salt of tow molecular weight heparin with tyrosine ethyl ester 

A solution containing 2.00 g of low molecular weight heparin Ra2812 in 20 ml of distilled water Is 
10 percolated through a chromatographic column containing 30 ml of catlonic resin AG 50W-X8 under H* form, 
eluting with distilled water until neutral reaction of the eluate that Is directly collected on a solution 
containing 2.05 g of tyrosine ethyl ester in 5 ml of methyl alcohol. The resulting hydroalcoholic solution is 
partly evaporated under vacuum until elimination of the methyl alcohol and the resulting aqueous solution is 
freeze-dried thus obtaining 3.76 g of salt. 

75 

EXAMPLE 2 

Sa[t of low molecular weight heparin with tyrosine tert-butyl ester 

20 By working in accordance with the same conditions set forth in example 1 and by using 2.33 g of 
tyrosine tert-butyl ester dissolved in 30 ml of methylalcohol, 4.04 g of salt are obtained. 

EXAMPLES 

25 Sa]t of low molecular weight heparin with tyrosine isoamyl ester 

By working in accordance with the same conditions set forth in example 1 and by using 2.46 g of 
tyrosine isoamyl ester dissolved in 70 ml of methyl alcohol. 4.17 g of salt are obtained. 

30 EXAMPLE 4 

Salt of low molecular woigjit heparin with tyrosine isopropyl ester 

By working In accordance with the same conditions set forth in example 1 and by using 2.19 g of 
35 tyrosine isopropyl ester dissolved in 80 ml of methyl alcohol, 3.92 g of salt are obtained. 

EXAMPLES 

Sajt of low molecular weigjit heparin with glycine benzyl ester 
40 ~~ ~ " 

By working in accordance with the same conditions set forth in example 1 and by using 1.62 g of 
glycine benzyl ester dissolved in 60 ml of methyl alcohol, 3.35 g of salt are obtained. 

EXAMPLES 

45 

Salt of low molecular weight heparin with phenylalanine tert-butyl ester 

By working in accordance with the same conditions set forth in example 1 and by using 2.53 g of 
phenylalanine tert-butyl ester dissolved in 70 ml of methyl alcohol, 4.35 g of salt are obtained. 

50 

EXAMPLE 7 

Salt of low molecular weight heparin with tyrosine methyl ester 

55 By working in accordance with the same conditions set forth in example 1 and by using 1.92 g of 
tyrosine methyl ester dissolved in 10 ml of methyl alcohol, 3.65 g of salt are obtained. 
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EXAMPLES 

Saft of low molecular weight heparin with phenylalanine isopropyl ester 

5 By working in accordance with the same conditions set forth in example 1 and by using 2.03 g of 
phenylalanine isopropyl ester dissolved in 70 ml of methyl alcohol, 3.80 g of salt are obtained. 

EXAMPLES 

10 Salt of glucurony]glycosaminoglycan sulfate with tyrosine tert-butyl ester 

By working in accordance with the same conditions set forth in example 1 and by using 2.00 g of 
glucuronylglycosaminoglycan sulfate known as sulodexide (INN) and 2.20 g of tyrosine tert-butyl ester 
dissolved in 60 ml of methyl alcohol, 3.85 g of salt are obtained. 

IS 

EXAMPLE 10 

Sajt of low molecular weight dermatan sulfate with tyrosine tert-butyl ester 

20 • By working in accordance with the same conditions set forth In example 1 and by using 3.00 g of low 
molecular weight dermatan sulfate OP 370L and 2.57 g of tyrosine tert-butyl ester dissolved in 80 ml of 
methyl alcohol, 5.20 g of salt are obtained. 

EXAMPLE 11 

55 

SaJt of heparin with tyro^'ne tert-butyl ester 

By working in accordance with the same conditions set forth in example 1 and by using 2.00 g of 
heparin sodium salt and 2.18 g of tyrosine tert-butyl ester dissolved in 60 ml of methyl alcohol. 3.95 g of 
30 salt are obtained. 

EXAMPLE 12 

Gastroresistant hard gelatine capsules containing the salt of low molecular weight heparin with tyrosine tert- 
35 butyl ester ~ " ~ ~ " " 



Composition of each capsule: 



40 



• Salt of low molecular weight heparin with tyrosine tert-butyl ester 200 mg 



Capsule coating: 


- Hydroxypropylmethylcellulose 


10.5 mg 


- Polyethylene glycole 6000 


0.6 mg 


- Titanium dioxide 


2.4 mg 


-Talc 


2.4 mg 


- Polyvinylacetophthalate 


24.0 mg 


- Dtethylphthalate 


2.4 mg 


- Stearic add 


2.4 mg 



The salt of low molecular weight heparin with tyrosine tert-butyl ester Is encapsuled In type 0 hard 
65 gelatine capsules that are first coated in coating pan with a mixture made by hydroxypropylmethylcellulose, 
polyethylene glycole 6000, titanium dioxide and talc in a mixture of 95% ethyl alcohol and water in 22:1 
volumetric ratio. Subsequently a second gastroresistant coating is carried out by sprying a mixture of 
polyvinylacetophthalate, diethylphthalate and stearic acid dissolved in 95% ethyl alcohol. 
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The gastroresistant hard gelatin© capsules containing the salts of the glycosamlnoglycans with the 
esters of the aminoacids described in examples 1, 3. 4. 5, 6, 7, 8. 9, 10 and 11 are obtained in the same 
manner. 

5 EXAMPLE 13 

Gas^oresistant SDft gelatine capsules containing the salt of low molecular weight heparin with glycine 
l)enzyr ester ~ ' ~ ~~ ~" 



10 



75 



Composition of each capsule: 



• Salt of low molecular weight heparin with glycine benzyl ester 
Caprilo-capric glycerides 



200 mg 
380 mg 



Capsule coating: 


- Hydroxypropylmethylceliulose 


10.5 mg 


- Polyethylene glycole 6000 


0.6 mg 


- Titanium dioxide 


2.4 mg 


-Talc 


2.4 mg 


- Polyvinylacetophthalate 


24.0 mg 


- Diethylphthalate 


2.4 mg 


- Stearic acid 


2.4 mg 



The salt of the low molecular weight heparin with the glycine benzyl ester is mixed with the caprilo- 
capric glycerides in a cylinder mill and the resulting mixture is shared in oval type 10 soft gelatine capsules 
30 that are coated In coating pan with a mixture made by hydroxypropylmethylceliulose, polyethylene glycole 
6000. titanium dioxide and talc in 95% ethyl alcohol and water In 22:1 volumetric ratio. Subsequentiy a 
second gastroresistant coating is canried out by sprying a mixture of polyvinylacetophthalate. diethylph- 
thalate and stearic acid dissolved in 95% ethyl alcohol. 

The gasti'oresistant soft gelatine capsules containing the salts of the glycosaminoglycans with the esters 
35 of the aminoacids described in examples 1, 3, 4, 5, 6. 7. 8. 9. 10 and 1 1 are obtained in the same manner. 

EXAMPLE 14 

Gastrc^esistant tablets containing ttie salt of _glucuronylglya)saminoglycan sulfate with tyrosine tert-butyl 
40 ester ~ ~" '~ ~ ~" 



Composition of each tablet: 


- Salt of glucuronylglycosaminoglycan sulfate (sulodexide) with tyrosine tert-butyl ester 

- Maize starch 

- Lactose 

- Microgranular cellulose 

- Polyvinylpyrrolidone CL 

- Magnesium stearate 


200 mg 
93.8 mg 
81.5 mg 
300 mg 
100 mg 
10 mg 
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Tablet coating: 


- Hydroxypropylmethylcellulose 


14 mg 


- Polyethylene glycole 6000 


0.4 mg 


- Titanium dioxide 


3.2 mg 


-Talc 


3.2 mg 


- Polyvinylacetophthalate 


30 mg 


- DIethylphthalate 


3 mg 


- Stearic acid 


3 mg 



The salt of glucuronylglycosaminoglycan sulfate with tyrosine lert-butyl ester is mixed with maize starch 
and lactose and sifted on a sieve equipped with meshes having a side of 1 mm. 

The so obtained granulate is mixed with microgranular cellulose, polyvinyipyrolidone CL and magne- 
sium stearate and is tabletled. The obtained tablets are coated in coating pan by means of a first film made 
by a mixture of hydroxypropylmethylcellulose, polyethylene glycole 6000, titanium dioxide and talc in 95% 
ethyl alcohol and water in 22:1 volumetric ratio. Subsequently a second gastroresistant coating is cam'ed out 
by sprying a mixture of polyvinylacetophthalate. diethylphthalate and stearic acid dissolved in 95% ethyl 
alcohol. 

The gastroresistant tablets containing the salts of the glycosaminoglycans with the esters of the 
aminoacids described in examples 1 , 2. 3. 4. 5. 6. 7. a 10 and 11 are obtained in the same manner. 

EXAMPLE 15 

Gastrtxesistant tablets containing the salt of low molecular weight dermatan sulfate with tyrosine tert-butyl 
ester " " ~ " * " 



Composition of each tablet: 


- Salt of low molecular weight dermatan sulfate with tyrosine tert-butyl ester 

- Maize starch 

- Lactose 

- Microgranular cellulose 

- Polyvinylpyrrolidone CL 

- Magnesium stearate 


100 mg 
46 mg 
40 mg 

150 mg 
50 mg 
5mg 



Tablet coating: 


- Hydroxypropylmethylcellulose 


7 mg 


- Polyethylene glycole 6000 


0.3 mg 


- Titanium dioxide 


2mg 


-Talc 


2mg 


- Polyvinylacetophthalate 


15 mg 


- Diethylphthalate 


1.5 mg 


- Stearic add 


1.5 mg 



IhB tablets are prepared exactly as described in example 14. 

The gastroresistant tablets containing 100 mg of the salts of the glycosaminoglycans with the esters of 
the aminoacids described in examples 1 . 2. 3, 4, 5, 6, 7. 8. 9 and 11 are prepared in the same manner. 

Claims 

1. Salts of glycosaminoglycans with esters of aminoacids of formula 
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CH - OOORa 



I 



NHa 



wherein Ri represents hydrogen, straight or branched Ci-C6-all<yl. aryl. substituted or unsubstituted 
arylallcyl and R2 represents straight or branched Ci-Ci2-aIkyl. cycloalkyi, aryl or arylallcyl. 

2. Salts according to claim 1 characterized in that the glycosaminoglycan Is selected from heparin, 
fractions of low molecular weight heparin, glucuronylgiycosaminoglycan sulfate, demnatan sulfate or 
fractions of low molecular weight dermatan sulfate, while the esters of aminoacids of formula I are 
selected from the methyl, ethyl, isopropyl. tert-tartyl, isoamyl or benzyl esters of glycine, tyrosine or 
phenylalanine. 

a Process for the preparation of the salts according to each of claims 1 and 2 characterized in that an 
aqueous solution of an alkaline or alkaline-earth salt of a glycosaminoglycan Is percolated through a 
chromatographic column containing a cationic resin activated under H* form and that the resulting 
eluate containing the glycosaminoglycan under acidic form is directly poured on an alcoholic solution of 
the eater of aminoactd of fonmula 



wherein Ri and Fb have the above seen meaning, obtaining a hydroalcoholic solution that Is 
evaporated under vacuum to eliminate the alcoholic solvent and then is freeze-dried. 

4. Process according to claim 3 characterized in that AG SOW X8 resin under H* form is the cationic resin 
and that methanol is the alcohol used to dissolve the ester of aminoacid of formula I. 

5. pharmaceutical formulations containing as active principle one of the salts according to each of claims 
1 and 2. 

6. Pharmaceutical fomnulations according to claim 5 characterized in that they are orally adminlstrable. 

7. Pharmaceutical formulations according to claim 6 characterized in that they are made by gastroresist- 
ant capsules or tablets containing from 50 to 500 mg of the salts as defined according to each of 
claims 1 and 2. 

a Use of the salts according to each of claims 1 and 2 in the prevention and treatment of the thrombotic 
and atherosclerotic pathologies. 

9. Use of the pharmaceutical formulations according to each of claims 5, 6 and 7 in the prevention and 
treatment of the thrombotic and atherosclerotic pathologies. 

aalms for the following Contracting State : ES 

1, Process for the preparation of salts of glycosaminoglycans with esters of aminoacids of formula 



Ri - 




" OOORa 



I 



HHa 



Rx - 



CH - OOORa 



NHa 
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vrtierein Ri represents hydrogen, straight or branched Ci-C^-alkyl. aryl. substituted or unsubstituted 
arylalkyi and Ra represents straight or branched Ci-Ci2-allcyl. cycloalkyi, aryl or arylalkyi, characterized 
in that an aqueous solution of an alkaline or alkaline-earth salt of a glycosamino^lycan is percolated 
through a chromatographic column containing a cationic resin activated under H form and that the 
resulting eluate containing the glycasaminoglycan under acidic form is directly poured on an alcoholic 
solution of the ester of amlnoadd of formula 



wherein Ri and B2 have the above seen meaning, obtaining a hydroalcoholic solution that is 
evaporated under vacuum to eliminate the alcoholic solvent and then is freeze-dried. 

Process according to claim 1, characterized in that the glycosaminoglycan is selected from heparin, 
fractions of low molecular weight heparin, glucuronylglycosaminoglycan sulfate, dermatan sulfate or 
fractions of low molecular weight demnatan sulfate, while the esters of aminoacids of formula I are 
selected from the methyl, ethyl, isopropyl, tert-butyl, isoamyl or benzyl esters of glycine, tyrosine or 
phenylalanine. 

Process according to claim 1, characterized in that AG SOW X8 resin under H* form is the cationic 
resin and that methanol is the alcohol used to dissolve the ester of aminoacid of formula I. 



Rx - 
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Description 



BACKGROUND OF REINVENT 



The gtycosaminoglycans are products of natural origin, obtained from tissues of animal origin, made by heteroge- 
neous mixtures of chains of poiysaccTrarides sulfated in different ways having a very wide range of molecular weights, 
varying from few thousands to some tens of thousands of Dallons. 

Heparin, mainly made by units containing D-glucosamine and Uduronic or D-glucuronic add sulfated in different 
ways, having a molecular weight ranging from 6000 to 30000 Daflons, generally used as anticoagulant and antithrom- 
botic drug as sodium, potassium, calcium or magnesium salt, is the most known among them 

Low molecular weight heparins, derivatives having a smaDer degree of polymerization, witii molecular weights 
ranging from 1500 to 8000 Daltons. having therapeutical activities similar to those of the heparin, are obtained from 
heparin t>y chemical or enzymatic treatments. 

The chondroitins are other glyoosaminoglycans extracted from tissues of animal origin, one of which, previoulsy 
known as chondroitin sulfate B. is the dermatan sulfate having antithrombotic and antihyperlipoproteinemic activity, 
from which, like in the case of heparin, it is possible to obtain low molecular weight fractions ranging from 2000 to 8000 
Daltons. 

GImironylglycosaminoglycan sulfate, known under the name sulodexide (International Nonproprietary Name), 
having antitiirombotic and antiattierosclerotic activity, is anottier substance pertaining to this class of drugs. 

All these polysaccharides, as salts of alkali or alkali-earth metals (sodium, potassium, calcium and magnesium) 
were extensively studied in the prevention and therapy of many pathologies of thrombotic or atherosclerotic origin. 

Nevertheless, their therapeutic use is restricted by the fact that these salts have to be parenterally administered 
owing to their scarce absorption by oral administration. 

For quite a time remarkable efforts are can'ied out to find adjuvant substances or derivatives or pharmaceutical tbr- 
mufatloris which can be able to make the glyoosaminoglycans orally absorbable, in view of their great therapeutical 
interest in the prevention and therapy of athOT)sclerotic and throntfwtic pathologies. 

At the beginning they tried to solve the problem by using adjuvant substances like EDTA [(Tidball et_al.. Proc. Soc. 
Exp. Biol. Med 1 11 , 71 3-5, (1 962)]. dimethylsulfoxide and dietiylsulfone [Kbh T Y. Can. J. Biochem.. 47. 951 -4 (1 969)] 
nitrilotriacetic add [Jarret et_aL. Thromb. Diath, Haemorrh.. 25, 187-200. (1971)] or citric acid [Sue TK et al Can j' 
Physiol. Phamnacol.. 54. (4). 613-7. (1976)], . • 

Engel R.H. and Riggi S. J. contemporaneously tried to help the oral absorption of the glyoosaminoglycans by add- 
ing some surfactants, mainly sulfated or sulfonated surfactants, which cause ttie formation of emulsions that aid ttie 
absorption in the experimental animals [J. Pharm. Sci..58, 706-10 and 1372-5, (1969)]. 

Anotfier way was that of preparing salts and complexes witti weakly basic organic substances, like amines, or 
amphoteric substances, like amides or aminoacids. as reported in US patents 3506642 and 3577534. 

More recently tii^ tried to aid the absorption of tfie glyoosaminoglycans by using as vehicle appropriate pharma- 
ceutical formulations containing liposomes (Masaharu Ueno et.al., Chem. Pharm. Bull.. 30. (6). 2245-7. (1982) belgian 
patent BE 86001 1. french patent FR 2492259), or by making conplexes with ammonium quartemary bases (interna- 
tional publications PCT WO 85/05362, US patents 4510135 and 4654327). 

In spite of all these attempts, oral formulations of glyoosaminoglycans for the therapy of the throntxrtic and athero- 
sclerotic pathologies are not commercialized yet. 

This is probably due to the fact ttiat the till now described formulations contain substances which are not tolerated 
tjy the human body, mainly in the long run, and/or these formulations do not possess the necessary stability. 

Therefore it e still necessary to find pharmaceutical formulations containing glyoosaminoglycans, suitable for the 
oral absorption. 

SyMMARy[_OFjmE INVENTION 

New salts of glycosanr^noglycans, orally absortjaWe prepared by salification of glyoosaminoglycans. under acidic 
form after treatment with ionic exchange resins, witti esters of airtnoacids of fomiufa 



Ri - CH - CXXDRa 



wherein R^ r^resents hydrogen, straight or branched CrCg-alkyl, aryl. substituted or unsubstituted arylalkyi and Rg 
represents straight or branched CrCig-alkyI, cydoalkyl, aryl or arylalkyi, and isolated by freeze^rying. are the object 
of the present invention. 
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Pharmaceutical formulations containing said salts are a furth^ object of the present invention. 

Prefen-ed pharmaceutical formulations are those orally administrable. mainly gastrorestistant capsules and tablets, 
suitable for releasing the active principle in the more proper place for a better at}sorption, i.e. in the duodenal and intes- 
tinal zones, so avoiding the degradation caused by the gastric juices. 
5 The use, as glycosaminogtycans, of the heparin and of its low molecular weight fractions, obtained according to 
well known methods of chemical or enzymatic depolymerization. of the glucuronylglycosaninoglycan sulfate known as 
sulodexide, of the dermatan sulfate and of its low mdecutar weight fractions, constitutes a preferred aspect of the 
present invention. 

Another preferred aspect of the present invention is that in which the esters of aminoacids of formula 



Ri - CH - CXXDRa 
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used for the salification of the glycosaminoglycans are those wherein represents hydrc^en or substituted or unsub- 
stituted arylalkyi and R2 represents straight or branched CrCe-alkyl. or arylalkyl. 

Methyl, ethyl, isopropyl, tert-butyl, isoanrryl and benzyl esters of glycine, phenylalanine and tyrosine are preferred 

20 among these compounds of formula I. 

The process of preparation of the salts of the glycosaminoglycans with the esters of aminoacids of formula I initially 
foresees the removal of the alkaline or alkaline-earth cation, generally sodium, of the glycosaminoglycan and its sut>- 
stitution by a ion to obtain the ackiic. not salif ied. form of the glycosaminoglycan. This removal is obtained by perco- 
lating an aqueous solution of an alkaline or alkaline-earth salt of glycosaminoglycan through a chromatographic column 

25 containing a cationic resin activated In HT form, preferably an AG 50W-X8 resin in form, and by eluting with distilled 
water until the eluate becomes neutral. The eluate containing the glycosaminoglycan in acidic form is directly poured 
into an alcoholic solution of an ester of aminoacid of formula I and the resulting solution is partially evaporated under 
vacuum until complete elimination of the alcohol used to dissolve the ester of the aminoackj. The alcohol used is an 
alcohol containing from 1 to 3 cart>on atoms, preferably methanol which has the advantage of having the lowest boiling 

30 point. . 

The resulting aqueous solution is freeze-dried obtaining the desired salt with quantitative yiekl. 

The amounts of esters of aminoackfs used to salrfy the glycosaminoglycans are equimolecular in respect to the mil- 
liequivalents of ackfic groups, sulfates and cartx>xyls, for each gram of glycosaminoglycan, determined by potentiomet- 
ric analysis. 

35 The so obtained salts were characterized according to some chemk:al-phy8ical parameters, like the specific rota- 
tory power and tiie infrared and ultraviolet spectra, and tiieir chemical-physical diaracteristics are listed in the following 
table 1. 
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TABLE 1 

Chemic al-phyaical cha racteristics of salts of 
cTly cosaminoglyc ana with amin oesters 



: Compound 
: described 
: in example 


: Rotatory 


Power 


; I.R. Spectrum 


: u.v. : 
; Spectrum: 
( nm ) : 


: 589 nm 


: 546 nm 




: 1 


! +25.5 


! +32.1 


! 1230,1505,1610, 
! 1730 3100-3400 


223 : 


: 2 


: +26.8 


! +32.8 


; 1050,1150,1250, 
: 1380,1450,1520, 
! 1620,1740,3000, 
1 3450 


: 223 : 
: 273 : 


3 


' +29.5 


1 +42.1 


1 1220 1510 1610 
1730,3000-3500 ; 


7 7 A ! 

274 : 


4 


+ 27. 4 


+ 36. 5 


1240, 1510, 1610, ; 
1730,3000-3500 : 


224 ; 
274 


5 : 


+ 25 . 8 


+34.1 ; 


1220, 1400, 1490, : 
1620 , 1740 ,3000- ! 
3500 ! 


252 : 
256 ; 
262 : 
267 ; 


6 ; 


+38.9 ; 


+47.4 : 


1260, 1610, 1740, ; 
2900,3450 : 


258 : 


7 ; 


+25.3 ; 


+34.4 : 


1240, 1510,1610, ; 
1740,3000-3400 : 


224 ; 
274 ; 


8 : 


+24.6 ; 


+30.2 : 


1040, 1100,1150, : 
1250, 1380, 1450, : 
1500,1620,1740 ; 
3100.3450 : 


263 

257 : 
251 : 




continues . 
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• u-ompounQ 
: described 
: in example 


I Rotatory 


Power 


I.R. Spectrum 


i U. V . 
; Spectrum 
( nm } 




: 589 nm 


: 546 nro 


; (cm-*) 




9 


: +27.8 


: +35.0 


' 1260,1620, 

: 1740,3000-3500 


1 223 
: 272 




10 : 


^-22.6 


+ 25.6 


1250,1610,1740 : 
3000-3500 : 


223 ; 
273 : 




11 : 


+40.7 : 


+48.6 : 


1260,1620, 1740, : 
3000-3500 : 


224 : 
272 : 





The rotatory powers were determined in 20% (vA/) aqueous methanol at 1% concentration and at acC. 
The I.R. spectra were carried out in KBr with a Perkin-Elmer 281 B spectrophotometer. 

The U. V. spectra were carried out in 20% (v/v) aqueous methanol with a double beam Perkn-Elmer 552 spectro- 
photometer. 

The salts of the glycosamlnoglycans object of the present invention show tiie same pharmacological characteris- 
tics as the conesporeling alkaline and alkaline-earth salts and therefore the use of these salts and of the pharmaceuti- 
cal formulations containing them in the prevention and treatment of the thrombotic and atherosclerotic pathologies 
constitutes another aspect of the present invention. 

The so obtained and characterized salts of the glycosaminoglycans with the esters of the aminoadds of formula I 
were submitted to some pharmacological tests on animals to verify their true absorption in respect of the non absorp- 
tion of the sodium salts of tiie same glycosaminoglycans. 

In particular, the antithrombotic activity and tiie variations of three parameters generally used to define tiie activity 
of the glycosaminoglycans were tested and therefore tiie following tests were carried out: 

1. Dosage of tiie dearing-factor wrtti Ediol test as desaibed from Bianchini et al.. Biochem. Exp. Biol.. 10. 243-7 
(1972). 

2. Dosage of tiie activated partial thromboplastin time (APTT) according to tiie coagulometric method of Lanieu 
M.T et _al., Rev. Hemat. 12^ 199, (1957), by using tiie Boehringer's analytic kit. 

3. Dosage of tiie inhibition of tiie activated tentti factor (AXa) according to tiie coagulometric method of Yin E.T, et 
a)., Lab. Clin. Med., 81 , 298-310 (1973). by using the S\gim% analytic kit 

The antittirombotic activity was evaluated according to tiie method of Reyers S., et al., Thromb. Res., 1%. 669-674 
(1980). which consists of the Ggature of tfie inferior vena cava, subsequent stasis and formation of the ttirombus. 

The bioavailability biological tests were earned out on Sprague-Dawley male rats having a body weight between 
280 g and 300 g, shared in groups of six animate, tested 16 hours before the start of the test 

The salts of tiie glycosaminoglycans were directiy administered in ttie duodenum, according to ttie metiiod 
described by Engel R.H. et^l.. Proc. Soc. Expti. Biol. Med., 129, (5), 772-7, (1968) at the dose of 50 mg of active prin- 
ciple for each Kg of body weight of the experimental animals, dissolved in a volume of distilled wat^ or suspended in a 
volume of vegetable oil equal to 0.1 ml for each 1 00 g of body weight The same vdume of the liqukJ used for ttie admin- 
istration of the active principle was given to the control group. 

The animals were sacrificed under general anaesttiesia from ethyl ettier and the blood was directiy taken from ttie 
heart at the times of 1 5, 30 and 60 minutes for the treated groupe, while only a taking after 30 minutes was carried out 
for the control group and ttie time was indicated equal to zero in table 2 because ttie vehide. distilled water or oil. does 
not exert any influence on the biological parameters. 

The evaluations of the previoulsy described biological parameters were carried out on tiie plasma obtained by addi- 
tion of sodium dtrate. The values relating to the variation of the parameter of the clearing-factor, of the activated ttirom- 
boplastin time (APTT) and of tiie inhbition of tiie activated tentii factor (AXa) produced by the salts object of the present 
invention in comparison with the sodium saHs of the glycosaminoglycans are reported in the following table 2. 
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The numerical values dearly show the effect obtained with the administration of the salts object of the present 
invention In conrparison with no effect obtained with the administration of the conesponding sodium salts. 

TABLE 2 

Effect on cle aring-f actor^ APTT and AXa of the gaits of the 
q lycoaa m inoqlycana acc ording to the present invention in 
comparison with the corresponding s odium s alt s. . 







; Clearing-factor 










I Active 


1 Time 


! O.D. % after 


: APTT 




AXa 




; Principle 




; 30 minutes of 


1 (sec) 




( sec) 






: (min) 


: incubation 














! IT +3.e. 


1 X +3.e. 




x" 43 . e. 






: 0 


100.9 +1.6 


19.5 +0. 


2 


68,0 ±1 


.2 


; Low 














: molecular 


! 15 


99.6 ±2,2 


20.3 +0. 


3 


70,1 +0 


.8 


; weight 














! heparin 


30 : 


97.9 11.5 ! 


20.6 >1. 


1 


69.3 +1 


. 2 


: <LMWH) ! 
















60 : 


98.8 +1 .5 1 


19.7 +0. 


6 


68,6 ±1 


. 3 


: R 82812 















continues , 




EP0485 748B1 





; Active 


; Time 


; Clearing- factor 
: O.D. % after 






AAa 




5 


Principle 


: (min) 


; 30 minutes of 
: incubation 


: (sec) 




(sec) 










I x 


■♦"S . e . 


! X + 3 . e . 




X +3.e. 




10 




: 0 


; 97.7 


+ 0.7 


; 23.2+0 


7 


56.1 +0 


.5 






: 15 


: 58.2 


♦ 3.3 


: 37.9+3 


5 


72. 1 +5 


.2 




: Example I 


30 


\ 71.5 


♦ 4.4 


: 27.5 +1. 


1 


63.4 +1 


.2 


15 




; 60 


! 85.7 


+ 1.7 


1 33.0 +2, 


0 


66.4 +1 


.7 






0 


101 1 


+ 0 . 5 


' 17.9+0. 


9 


56.8 +1 


. 8 


20 ; 


Example 2 ! 


15 ! 


3 O . 4 




59.7 +8. 


2 


77.5 +2 


.8 






30 : 


59.8 


+4.1 : 


141.3 +3. 


8 


71.7 +2 


.2 






60 : 


68. 1 


+3.5 : 


41.3 +2. 


8 


70.5 +1 


.2 


2S 






















0 ; 


10 0.4 


+ 0.2 I 


22.2 +1. 


4 


75.4 +2 


.6 


30 ; 


Example 3 : 


15 : 






30.2 +1. 


9 


83.0 +1 


.9 






30 : 


74.4 


+2.4 ; 


31.4 +2. 


4 


85.3 +1 


.6 






60 : 


74.4 


+3.8 : 


30.2 +1. 


9 


78.9 +2 


.8 


35 : 






















0 ! 


107.8 


+ 7.3 ! 


2 2 . o + 1 . 




/U . U +1 


o 


40 : 


Example 4 ; 


15 : 


69.4 


+ 3-7 ; 


23.8 +1. 


7 


73.1 +2 


.6 : 






30 ; 


75.4 


+ 6.0 ! 


23.8 +1. 


7 


71.2 +0 


.8 






60 : 


93. 9 


+ 2.7 


20.8 +0. 


8 


71.0 +1 


.3 ! 


45 \ 
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: Active 
* Principle 


: Time 
: (min) 


; O.D. % after 
: mcubatxon 

• A • ^ • 


: APTT 

• A ^ a . C , 


AXa 

V s€C / 

X 13 . e . 






I n 




t 1 Q Q A n "7 

i 1 y . y lu - / 


7 Q Q ^1 

/ B . o 11 


. 7 


: Example 5 


; 15 


: 41.4 14.9 


: 81 . 8 17. 2 


96. 1 12 


. 9 




I 30 


: 52.8 12.5 


: 56.3 13.7 


91.2 l2 


.5 ; 




: 60 


1 81.4+4.3 


: 49.4 13.9 


88.0 11 


.9 : 




0 


99,6 10.5 


2 3.7 12.0 


80.5 12 


.6 : 




t c 


0^.3 14 . 1 


44.4 12,3 


106.9 12 


. 1 : 








o u , u lo . y 


104,0 12 


6 I 


' I 






4 O . 1 1*1 . O 


i 0 1 . 0 12 


. 6 . 






Q Q £ ^ A C • 

7 y . t> lu . t> • 


O O ^ *> rt 

iS J . 7 12.0 


80.5 l2 , 


6 .* 


Example 7 ; 


15 ; 


62. 5 14. 1 : 


44.4 12.3 


106.9 12. 


1 ; 




30 : 


53.5 11.7 ; 


80.0 13.9 


104,0 12. 


6 : 




6 0 


76,8 12.7 : 


46.1 14.6 


101.0 12. 


6 : 




0 ! 


101 . 5 11.1 : 


24. 6 12. 1 


72.6 12. 


5 : 


Example 6 : 


15 : 


56.9 12.8 : 


48.4 12.7 


82.0 12. 


8 ; 




30 


57.5 14.6 : 


51.8 13,3 


93. 1 ±2. 


9 ; 




60 ; 


76.2 13.4 : 


51.1 13.6 


86.8 12. 


0 : 
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10 



IS 



20 



40 



45 







I Clear ing"f actor 














: Active 


: Time 


: o.D. X after 




APTT 






AXa 




* Principle 




I 30 minutes of 




( sec ) 




< sec) 






I (min) 


I incubation 


















; )c . 3 . e . 


* X 


+ 3 . e . 




X 


+s.e. 




: glucuronyl- 


0 


94.7+0.8 


: 23 


.3 +0 


.8 


69 


.9 +1 


.2 


: glycosamino 


















I giycan 


! 15 


: 87.6+4.5 


: 22 


.9 +1 


.5 


71 


.2 +1 


.2 


; sulfate 




















: 30 


: '93.5+2.3 


; 22 


. 0 +2 


.3 


68 


. 1 +1 


.5 


; SULODEXIDE 




















; 60 


! 93.4 +2.2 


: 22 


.6 +1 


.5 


67 


. 2 +0 


.8 * 




: 0 


: 104.8+0.3 


19 


.6+0. 


6 


78 


.6 +6 


.4 : 


Example 9 


I 15 


' 90.1 +3.9 


30 




£ 
O 


91 


. 0 +7 


. o * 




30 ! 


93,4+1.3 I 






1 
1 


89 


.7 +3 


C t 

. 3 * 




60 ! 


92.8 +3.6 : 


36 


.1+7. 


2 


83 


3 +3 


.8 : 




0 ; 


100.7 +0.4 ! 


23. 


1 +0. 


6 


70 . 


1 +1 . 


3 : 


Injectable ; 


















sodium : 


15 


99.4+2.5 : 


22. 


4 +0, 


3 


68 . 


2 +2. 


4 : 


heparin : 




















30 


99 . 1 +1 . 1 : 


23. 


6 +0. 


1 


70. 


3 +1. 


6 ; 


158 N26 : 


60 1 


98.5 +2.3 : 


24. 


1 +0. 


4 


71 . 


1 ±1 • 


4 : 




0 1 


103.4+0.6 


28. 


4 +1 . 


8 


78. 


6 +2. 


3 ! 


Example 11 : 


15 : 


85.3 +4.2 ! 


111. 


4 +14 


.4 


90. 


1 +4. 


6 : 




30 ; 


99,4+2.5 ; 


66. 


3 +12 


.6 


84. 


4 +1 . 


0 : 




60 ; 


105.5 +0.2 ! 


25. 


4 +2. 


1 


78. 


2 +2. 


4 ; 





















The antithrombotic activity was evaluated, as reported in the following table 3, for the salt of the low molecular 
weight dermatan sulfate with the tert-buty! ester of the tyrosine descrbed in example 10, administering Ijy intraduodenal 
route an oOy suspension containing a dose of active principle equal to 200 mg for each Kg of body weight of the exper- 
imental animala The data reported in the table, in comparison with the untreated control animals, unambiguously show 
the high degree of antithrombotic protection offered by one of the salts of the present invention and therefore its bioa- 
vailability. 



9 
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TABLE 3 



Antithrombotic activity in ttie rat 



Ac^ve Principle 


Time (min) 


Numbar of animals 


Number of animals 
with thrombi 


Protection % 


Thrombi weight 
(x±s.e.) 


No active principle 


15 


8 


8 


0 


4.34 ±0.6 




30 


8 


8 


0 


325 ±0.08 


Exannple 10 


15 


8 


2 


75 


0.38 ±0.47 




30 


8 


0 


100 


0 



A further object of the present invention is constituted by pharmaceutical formulations containing the salts of the 
glycosaminoglycans with the esters of the aminoadds of formula 

Rx - CH - CCXDRa 

I I 

wherein and R2 have the before mentioned meanings. 

The pharmaceutical formulations orally administrak)le are those preferred according to the present invention. Said 
pharmaceutical formulations were expressly studied to permit to the active principle to unaltered cross the gastric juices 
and to be released in the duodenal and intestinal zones, so assuring an optimal absorption of the salts object of tiie 
present invention. 

Capsules and tablets containing therapeutically effective amounts of salts according to the Invention, preferably 
from 50 mg to 500 mg. suitably protected against the gastric juices of the stomach and apt to release the active prindple 
in a pH range corresponding to tiiat of the duoder^ and intestinal zones of absorption, are pretended examples of said 
pharmaceutical fornujlations. 

Many additives can be advantageously used for the gastroresistent enterosoluble coating of the pharmaceutical 
formulations prefenred according to the present Invention, tablets and capsules of soft or hard gelatine. The phthalates 
of polyvinyl and of cellulose, the copolymers and tiie esters of the metacrylic add can be advantageously used. Within 
the scope of the present invention, the polyvinytacetophtiialate is the pretended additive with the addition of plastidzers 
like the polyethylene glycole and the diethyfphthalate necessary In order to improve the flexibility and tiie elasticity of 
the protective film. 

The protection Is effected by means of two consecutive coatings, the first coating is carried out in coating pan by 
using hydroxypropylmetylcellulose as main coating agent, together with polyetttylene glycole. titanium dioxide and talc 
In a 22:1 mixture of 95% ethyl alcohol and water, while tiie second coating is carried out by sprying a solution made by 
polyvinytacetophtiialate. diethytphthalate and stearic acid in 95% ethyl alcohol. 

The salts object of tiie present Invention can advantageously be administered also by means of the typical phar- 
maceutical formulations of the glycosaminoglycans. like for instance the parenteral formulations, as in tiie case of the 
corresponding alkaline and alkaline-earth salts. 

The following glycosaminoglycans were used as starting compounds in the hereinafter examples: 

a) Injectable sodium heparin. 158N26 batch, having an anticoagulant activity equal to 168 I.UAng. supplied by tiie 
firm Opocrin (Italy). 

b) Sodium low molecular weight heparin (Lh4WH), R82812 batch, obtained by depolymerization of sodium heparin 

b) f means of cupric acetate and hydrogen peroxide according to tiie metiiod described In the european publication 
EP 0121067. having an average molecular weight equal to 4000 Daltons and an anticoagulant activity equal to 78 
I.U./mg. supplied by tiie firm Opoain (Italy). 

c) Low molecular weight dermatan sulfate (DES-LMWH). OP 370L batch, having an average molecular weight 
equal to 5600 Daltons and a titie equal to 1 .4 APTT Units/img and to 10 LU. AXa/mg. supplied by the firm Qaocrin 
(Italy). 

d) Glucuronylglycosaminoglycan sulfate, known as sulodexide (INN), having a title equal to 3.7 APTT Units/mg and 
to 82 1.U. AXaAng. supplied by tiie firm Alfa Wassermann (Italy). 
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The use of the above glycosaminoglycans only helps to illustrate the invention and has not to be considered as a 
fimitalion of the invention that can be effected with any other kind of glycosaminoglycan independently from its origin 
and from the greater or lesser degree of polymerization or sulfation. 

s EXAMPLE 1 

Saft_Qf low molecular weight_heQarin_with tyrosine ethy[ ^ter 

A solution containing 2.00 g of low molecular weight heparin R82812 In 20 ml of cfistilled water is percolated 
10 through a chromatographic column containing 30 ml of cationic resin AG 50W-X8 under form, eluting with distilled 
water until neutral reaction of the eluate that is directiy collected on a solution containing 2.05 g of tyrosine ethyl ester 
in 5 ml of methyl alcohol. The resulting hydroalcoholic solution is partly evaporated under vacuum until elimination of 
the methyl alcohol and the resulting aqueous solution is freeze-dried thus obtaining 3.76 g of salt 

IS EXAMPLE 2 

SaltQf low molecular weight_hef^rin_with tyrosine tert-butyi ester 

By working in accordance with the same conditions set forth in example 1 and by using 2.33 g of tyrosine tert-butyl 
20 est^ dissolved in 30 ml of methylalcohol. 4.04 g of salt are obtained. 

EXAMPLE 3 

Saftqf low molecular weight hegarin yvitti tyrosine_ispamxl ^ter 

25 

By working in accordance with the same conditions set forth In example 1 and by using 2.46 g of tyrosine isoamyl 
ester dissolved in 70 ml of methyl alcohol. 4. 1 7 g of salt are obtained. 

EXAMPLE 4 

30 

Salt_qf lowv mql^ulaj waght_hei3arin_wrth is^IOQXL 

By working in accordance with the same conditions set forth in example 1 and by using 2.1 9 g of tyrosine tsopropyl 
ester dissolved in 80 ml of methyl alcohol. 3.92 g of salt are obtained. 

35 

EXAMPLES 

Salt^qf low mq^lecular weight heparin witti Jlydne b«i2y[ ^&r^ 

40 By working in accordance with the same conditions set forth in example 1 and by using 1.62 g of glycine benzyl 
ester dissolved in 60 ml of methyl alcohol. 3.35 g of salt are obtaned. 

EXAMPLES 

^ Si§*LPl low molecular wdght_heparin_with ghenylalanme tert-butyi ester 

By working in accordance with the same conditions set forth In example 1 arxJ by using 2.53 g of phenylalanine tert* 
butyl ester dissolved in 70 ml of methyl alcohol, 4.35 g of salt are obtained. 

so EXAMPLE? 

Salt_qf low mql^ular weigfrt_h^arjri^with tyrosine methyl ^t^C 

By working in accordance with the same conditions set forth in example 1 and by using 1 .92 g of tyrosine metiiyl 
^ ester dissolved in 1 0 ml of methyl alcohol, 3.65 g of salt are obtained. 
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EXAMPLES 

SiitQl ITC^^cular w^g!itjief)arinjvrth Rhenytalanne jsQprpQvl^ter 

5 By working in accordance with the same conditions set forth in exaniple 1 and by using 2.03 g of phenylalanine iso- 
propyl ester dissolved in 70 ml of methyl alcohol, 3.80 g of salt are otTtained. 

EXAMPLE 9 

10 Saltof fllucuroriylglycosaminqglyc^n sulfete.wth tyrosine tert-butyL ester 

By working in accordance with the same conditions set forth In example 1 and by using 2.00 g of glucuronylgly- 
cosaminoglycan sulfate known as sulodexide (INN) and 2.20 g of tyrosine tert-butyl ester dissolved in 60 ml of methyl 
alcohol. 3.85 g of salt are obtained. 

15 

EXAMPLE 10 

Salt_qf low mdecular wdghtderniaten sultetejftrith tyroane tert-butyL ester 

20 By working in accordance with the same conditions set forth in example 1 and by using 3.00 g of low molecular 
weight demiatan sul^te OP 370L and 2.57 g of tyrosine tert-butyl ester dissolved in 80 ml of methyl alcohol. 5.20 g of 
salt are obtained. 

EXAMPLE 11 

25 

S^qf florin witti tyrparie tert:but)([ ^ter 



By working in accordance with the same conditions set forth in example 1 and by using 2.00 g of heparin sodium 
salt and 2.18 g of tyrosine tert-butyl ester dissolved in 60 ml of methyl alcohol. 3.95 g of salt are obtained. 

30 

EXAMPLE 12 



GastroresBtent hard gelatine c^ cpntainlngjfie sdt otlqw^fro^ ted^MtXl^tet 

35 



Composition of each capsule: 



- Salt of low nfx}lecular waght heparin with tyrosine tert-butyl ester 200 mg 



40 



Capsule coating: 


- Hydroxypropylmethylcellulose 


10.5 mg 


- Polyethylene glycole 6000 


0.6 mg 


- Titanium dioxide 


2.4 mg 


-Tate 


2.4 mg 


• Polyvinylacetophthalate 


24.0 mg 


- Diethylphthalate 


2.4 mg 


- Stearic acid 


2.4 mg 



55 

The salt of low molecular weight heparin with tyrosine tert-butyl ester is encapsuled in type 0 hard gelatine cap- 
sules that are first coated in coating pan with a mixture made by hydroxypropylmethylcellulose. polyethylene glycole 
6000. titanium dioxide and talc in a mixture of 95% ethyl alcohol and water in 22:1 volumetric ratio Subsequentty a sec- 
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ond gastroresistant coating Is carried out by sprying a mixture of polyvinylacetcphthalate, diethytphthatate arxl stearic 
ackJ dissolved in 95% ethyl alcohol. 

The gastroresistant hard gdatine capsules containing the salts of the glycosaminoglycans with the esters of the 
aminoacids descnt>ed in exanples 1 , 3. 4. 5. 6. 7, 8. 9. 10 and 1 1 are otJtained in the same manner. 

EXAMPLE 13 

j^stfpresjsterrt softjgelatin ^sules containing tjie salt of jpvv mpleqilar^jight heparin withjiydne benzy[ester_ 



Conposition of each capsule: 


- Salt of low molecular weght heparin with glycine benzyl ester 

- Caprilo-capric gtycerides 


200 mg 
380 mg 



Capsule coating: 


- Hydroxypropylmethytcellulose 


10.5 mg 


- Polyethylene glycde 6000 


0.6 mg 


- Titanium dioxide 


2.4 mg 


-Talc 


2.4 mg 


- Pdyvinylacetophthalate 


24.0 mg 


- Dlethy(phthalate 


2.4 mg 


■ Stearic acid 


2.4 mg 



The salt of the low molecular weight heparin with the glycine benzyl ester is mixed with the caprilo-capric glycerides 
in a cylinder mill and the resulting mixture is shared in oval type 10 soft gelatine capsules that are coated in coating pan 
with a mixture made by hydroxypropylmethylcellulose, polyethylene glycole 6000, titanium dioxide and talc in 95% ethyl 
alcohol and water in 22:1 volumetric ratio. Subsequently a second gastroresistant coating is carried out by sprying a 
mixture of polyvinylacetophthalate, diethylphthalate and stearic acid dissolved in 95% ethyl alcohol. 

The gastroresistant soft gelatine capsules containing the salts of the glycosaminoglycans with the esters of the 
aminoacids described in examples 1.3,4, 5. 6. 7. 8. 9. 10 and 1 1 are obtained in the same nranner. 

EXAIVIPLE 14 

C^troresfetentjablete containing the salt of giucuronylglycosaminoglycan sulfate with tyrosine tert-but/L^er 



Composition of each tablet: 


- Salt of glucuronylglycosaminogtycan sulfate (sulodexide) with tyrosine tert-butyl ester 


200 mg 


- Maize starch 


93.8 mg 


-Lactose 


81.5 mg 


- Miaogranular cellulose 


300 mg 


- Polyvinylpynolidone CL 


100 mg 


- Magnesium stearate 


10mg 
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Tablet coating: 


- Hydroxypropytmethylcellulose 


14mg 


- Polyethylene gtycole 6000 


0.4 mg 


- Titanium dioxide 


3.2 nng 


-Talc 


3.2 mg 


- Polyvinyiacetophthaiate 


30 mg 


- Diethy(phthalate 


3mg 


- Stearic acid 


3mg 



75 

The salt of glucuronylglycosaminoglycan sulfate with tyrosine tert-butyt ester is mixed with maize starch and lac- 
tose and sifted on a sieve equipped with meshes having a side of 1 nrm 

The so obtained granulate is mixed with microgranular cellulose, polyvinylpyrrolidone CL and magnesium stearate 
and is taWetted. The obtained tablets are coated in coating pan by means of a first f flm made by a mixture of hydroxy- 
£0 propylmethylcellulose, polyethylene glycole 6000. titanium dioxide and talc in 9S% ethyl alcohol and water in 22:1 volu- 
metric ratio. Subsequently a second gastroresistant coating is camed out by sprying a mixture of 
polyvinyiacetophthaiate, diethylphthalate and stearic acid dissolved in 95% ethyl alcohol. 

The gastraesistant tablets containing the salts of the glycosaminoglycans with the esters of the aminoadds 
desaibed in examples 1, 2, 3, 4. 5, 6, 7. 8. 10 and 1 1 are obtained in the same manner. 

25 

EXAMPLE 15 

C^strpresistentjablets cqntainingjhe_saltjDf low weightjderjratan sulfate w^ ted"butyL®ster 

30 





Composition of each tablet: 




- Salt of low molecular weight dermatan sulfate with tyrosine tert-butyl ester 


100 mg 


35 


- Maize starch 


46 mg 




-Lactose 


40 mg 




- Miaogranular cellulose 


150 mg 


40 


- Polyvinylpynrolidone CL 


50 mg 


- Magnesium stearate 


5mg 



Tablet coating: 


- HydrcxypropylmethylceDulose 


7mg 


- Polyethylene glycole 6000 


0.3 mg 


- Titanium dioxide 


2mg 


-Talc 


2mg 


- Polyvinyiacetophthaiate 


15 mg 


- Diethylphthalate 


1.5 mg 


- Stearic acid 


1.5 mg 



The tablets are prepared exactly as described in example 14. 
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The gastroresistant tablets containing 100 mg of the salts of the glycosaminoglycans with the esters of the ami- 
noackJs descrft^ed in exantples 1 , 2. 3, 4, 5. 6, 7, 8, 9 and 1 1 are prepared in the same manner. 

Claims 

Claims for the fonowing Contracting States : BE, DE, FR, GB, NL 

1 - Salts of glycosaminoglycans under acidic form with esters of aminoacfcte of formula 

Ri - CH - OOORa 



wherein represents hydrogen, straight or branched Ci-Cs-alkyl. aryl, substituted or unsiA>stituted aryialkyl and 
represents straight or branched Ci-C^a-alkyl. cydoall^, aryl or aryialkyl. 

2. Salts according to dalm 1 characterized in that the glycosamlnoglycan is selected from heparin, fractions of 
heparin with molecular weights from 1500 to 8000 Daltons. glucuronylglycosaminoglycan sulfate, dern^tan sulfate 
or fractions of dermatan sulfate with molecular weight from 2000 to 8000 Daftons. which the esters of aminoadds 
of formula I are selected from the methyl, ethyl, isopropyl. t^-butyl. isoamyl or benzyl esters of glydne, tyrosine or 
phenylalantna 

3. Process for the preparation of the salts according to each of dalms 1 and 2 characterized in that an aqueous solu- 
tion of an alkaline or alkaline-earth salt of a glycosaminoglycan is percolated through a chromatographic column 
containing a cationic resin activated under H+ form and that the resulting eluate containing the glycosaminoglycan 
under acidic form is directly poured on an alcoholic solution of the ester of aminoadd of fonnula 



Ri - - CXXDRa 
NHa 

wherein R^ and Rg have the above seen meaning, the amount of the ester being equimolecular In respect to the 
acidic groups present in the glycosaminoglycan. obtaining a hydroalcoholic solution that is evaporated under vac- 
uum to eliminate the alcoholic solvent and then is freeze-drled. 

4. Process according to daim 3 characterized in that AG SOW X8 resin under H+ form is the cationic resin and that 
methanol is the alcohol used to dissolve the ester of aminoadd of formula I. 

5- Phamiaceutical formulations containing as active principle one of the salts according to each of claims 1 and 2. 

6. Pharmaceutical formulations according to daim 5 characterized in that they are orally administraWe. 

7. Phamiaceutical formulations according to daim 6 characterized in that they are made by gastroresistant capsules 
or tablets containing from 50 to 500 n>g of the salts as defined according to each of daims 1 and 2. 

a Use of the salts according to each of clainre 1 and 2 for the production of a pharmaceutical composition for the pre- 
vention and treatment of the thrombotic and atherosclerotic pathologies. 

Claims for the following Contracting State : ES 

1 . Process for the preparation of salts of glycosaminoglycans with esters of aminoadds of formula 



Ri - CH - COORa 

I 
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wherein represents hydrogen, straight or branched C^-Ce-alkyt. aryl, substituted or unsubstituted arylalkyi and 
R2 represents straight or branched OyC^z"^^* cydoalkyt. aryt or arylalkyi. diaracterized in that an aqueous solu- 
tion of an alkaline or afkaline-earth salt of a glycosaminoglycan is percolated through a chromatographic column 
containing a catiordc resin activated under form and that the resulting eluate containing the glycasaminoglycan 
under ackiic form is directly poured on an alcoholic solution of the ester 0I aminoadd of formula 



Rr - - OOORa 



10 



IS 



wherein and R2 have the above seen meaning, the amount of the ester being equimolecular in respect 
to the ackJic groups present in the glycosaminoglycan, obtaining a hydroalcoholic solution that is evaporated under 
vacuum to eliminate the alcoholic solvent and then Is freeze-dried. 



2. Process according to daim 1 . characterized in that the glycosaminoglycan is selected from heparin, fractions of 
heparin with molecular weights from 1 500 to 8000 Dattons. glucuronylglycosaminoglycan sulfate, dermatan sulfote 
or fractions of dermatan sulfate with molecular weights from 2000 to 8000 Daltons. while the esters of aminoadds 
of formula t are selected from the methyl, ethyl. Isopropyl. tert-butyl. Isoamyl or benzyl esters of glydne. tyrosine or 

20 phenylalanine. 

3. Process according to daim 1. characterized in that AG 50 W X8 resin under H'^ form is the cationic resin and that 
methanol is the alcohol used to dissolve the ester of aminoadd of formula I. 

2s PatentansprOche 

PatentansprQche fur foigende Vertragsstaaten : BE, DE, FR, GB, NL 

1. Salze von Glycosaminoglycanen in saurer Form mit Estern von Aminosduren der Formel 

30 

R^ - CH - OOORa 

ima ^ 

3S 

worin R^ Wasserstoff, geradkettiges Oder verzweigtkettiges Ci-Ce-AlkyI, Aryl. substituiertes oder unsubstituiertes 
Arylalkyi bedeutet und R2 geradkettiges oder verzweigticettiges CrCi2-AIkyl, Cydoalkyt. Aryl Oder Arylalkyi bedeu- 
tet. 

<o 2. Salze nach Anspruch 1 . dadurch gekennzeichnet. da3 das Glycosaminoglycan ausgewdhtt wird aus Heparin, Frak- 
ttonen von Heparin mit Molekulargewtchten von 1500 bis 8000 Dalton. Glucuronylglycosaminoglycansulfat, Der- 
matansuffat oder Fraktionen von Dermataneulfat mit Molekulargewichten von 2000 bis 8000 Dalton, wdhrend die 
Ester der Aminosduren der Formel I ausgewdhlt werden aus Methyl-, Ethyl-, Isopropyl-, tert -Butyl-, Isoamyl- oder 
Benzylestern des Gycins. Tyrosins Oder Phenylalanins. 

45 

3. Verfahren zur Herstellung von Salzen nach einem der AnsprOche 1 und 2. dadurch gekennzeichnet, da8 eine wd8- 
rige Ldsung eines Alkali- oder Erdalkalisalzes eines Glycosaminoglycans durch eine chronnatographische Sdule 
perkoliert wird, welche ein kationisches Harz. aktiviert in der H^-Form, enth^t und das entstehende Eluat welches 
das Gycosamlnoglycan in saura* Form enthait. direkt In e'ner alkoholischen LOsung des Esters der AmirK)sdure 
so der Formel 



55 



Rt - yH - OOORa 
NHa 



worin R^ und R2 die oben gegebenen Bedeutungen besitzen. gegeben wird, wobei die Menge an Ester dquimolar. 
bezogen auf die sauren Gruppen. die in dem Glycosarranoglycan vorhanden sind, ist und eine wdBrig alkohoGsche 
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LOsung erhatten wird, die im Vakuum zur Entfernung des alkoholischen LOsungsmittets eingedampfl umJ dann 
gefriergetrocknet wird 

4. Vertahren nach Anspruch 3. dadurch gekennzeichnet daB AG SOW X8-Harz in KT-Form als kationisches Harz ver- 
wemiet wird und daB Methanol der Alkohol ist, der zur Aufldsung des Esters der Aminos&jre der Fbrmel t verwen- 
detwird. 

5. Pharmazeutische Zubereitungen. enthattend als aktrven Wirkstcff eines der Saize nach einem der AnsprOche 1 
oda'2. 

e. Pharmazeutische Zubereitungen nach Anspruch 5. dadurch gekennzeichnet, daB sie oral verabretchbar sind. 

7. Pharmazeutische Zuberetungen nach Anspruch 6, dadurch gekennzeichnet. daB sie in Form gastroresistenter 
Kapsein cxier Tabletten vorliegen, die 50 bis 500 mg der Salze, wie in einem AnsprOche 1 Oder 2 definiert, enthal- 
ten. 

& V&wendung der Satze nach einem der AnsprOche 1 oder 2 zur Herstellung pharmazeutischer Zut)ereitungen fOr 
die Prpphylaxe und Behandlung thrombottecher und atherosWerotischer Pathologien. 

Patentansprflche fOr folgenden Vertragsstaat : ES 

1- Vertahren zur Herstellung von Salzen von Glycosaminoglycanen mit Eslem von AminosSuren der Forme! 

- CH - OOORa 

worin Wasserstoff, geradkettiges oder verzweigtkettiges Ci-Ce-Alkyl. Aryl. substituiertes Oder unsubstituiertes 
ArylalkyI bedeutet und R2 geradkettiges oder verzweigtkettiges CrCi2-Alkyl. Cycloaikyl. Aryl oder ArylalkyI bedeu- 
tet. dadurch gekennzeichnet, daB eine waBrige LOsung eines Alkali- oder ErdalkaOsalzes eines Glycosaminogly- 
cansdurch eine chromatographische Sdule perkoliert wird, weit^e ein kationisches Harz, aktiviert in der H*-Form, 
enthdit und das entstehende Eluat. welches das Glycosaminoglycan in saurer Fomi enthait. direkt in einer alkoho- 
lischen LOsung des Esters der Aminosdure der Fonnel 

- ^ - OOORa J 

NHa 

worin R^ und R2 die oben gegebenen Bedeutungen besrlzen, gegeben wird, wobei die Menge an Ester aquimolar. 
bezogen auf die sauren Gruppen, die indem Glycosaminoglycan vorhanden sind, ist, und eine wdBrig alkoholische 
LOsung erhalten wird, die im Vakuum zur Entfernung des alkoholischen LOsungsmittels eingedampft und dann 
gefriergetrocknet wird 

2. Verlahren nach Anspruch 1 . dadurch gekennzeichnet daB das Glycosaminoglycan ausgewahit wird aus Heparin, 
Fraktionen des Heparins mit Molekulargewichten von 1500 bis 8000 Dalton, Glucuronylglycosaminoglycansuffat, 
Dermatansulfat oder Fraktionen des Dermatansulfats mit Molekulargewichten von 2000 bis 8000 Dalton, wahrend 
die Ester der Aminosauren der Fbrmel I ausgewahit werden aus Methyl-. Ethyl-, Isopropyl-, tert.-Butyl-, Isoamyl- 
oda- BCTzylestern von Glycin, Tyrosin oder Phenylalanin. 

3- Vertahren nach Anspaich 1 , dadurch gekennzeichnet, daB das AG SOW XS-Harz in H*-Fbrm als kationisches Harz 
verwendet wird und daB Methanol als Alkohol zur Auf lOsung des Esters der Aminosaure der Formel I verwendet 
wird. 
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Revendications pour les Etats contractants suivants : BE, DE, FR, GB, NL 

1. Sets de glycosaminoglycanes sous forme acide. avec des e^ers d'ackles amines de formufe : 

Rl -CH-COOR^ 

I ^ I 

NH2 



dans laquelle repr^sente un atome dliydrog^e, un groupe alkyle Ci-Ce lin^ire ou ramiffid. un groipe aryle, un 
groupe arylalkyle substrtu6 ou non substitu6. et R2 repr^sente un groupe alkyle 0^-0^2 lin^aire ou ranvfi6, un 
groupe cydoalkyle, un groupe aryle, ou un groupe arylalkyle. 

2. Sels sdon la revendication 1 . caract6ris6s en ce que le glycosaminoglycane est choisi parmi ITi^parine. les f rac- 
tk)ns dTi^parine de poids mol^ulaire compris entre 1 .500 et 8.000 dattor^, le glucuronylglycosaminoglycane sul- 
fate, le demiatan sulfate, ou les fractions de dermatan sulfate de poids rrtol^ulaire compris entre 2.000 et 8.000 
daltons, tandis que les esters d'acides anrdn^ de fornujie (I) sont choisis parmi les esters m^tfiyliques, ^thyltques. 
isopropyliques, ter-butyliques, isoamyliques. ou benzyliques de la glycine, de la tyrosine, ou de la phenylalanine. 

3. Proc§dd de proration des sels selon chacune des revendications 1, et 2, caract6ris6 en ce qu*une solution 
aqueuse d'un sel alcalin ou alcalinoten-eux d*un glycosaminoglycane est m^ k percoler k traverB une colonne de 
chromatographie corrtenant une r^sine cationique activ6e sous forme H^, et que I'^luat ainsi obtenu, contenant le 
glycosaminoglycane sous forme adde, est versd directement dans une solution alcooltque de Tester d'actde amin6 
de formule : 

Rl -CH.COOR9 

I I 
NH2 

dans laquelle Ri et R2 sont tels que d^crits plus haut, la quantity d*ester ^ant 6quimol^ulaire par rapport aux 
groupements acide presents dans le glycosaminoglycane, pour donner une solution hydro-alcoolique qui est 6va- 
por^e sous vide pour ^Itminer le solvent alcoolique, et qui est ensuite lyophilis^e. 

4. Proc6d6 selon la revendication 3. caract6ris6 en ce que la r6sine AG SOW X8 sous forme H*, est la r§sine cationi- 
que, et que le methanol est I'alcool utilise pour dissoudre Tester d'acide amine de formule (1). 

5. Formulations pharmaceutiques contenant en tant que prindpe aclif, un des sels selon chacune des revendications 
1,et^ 

6. Fonnulatiore pharmaceutiques selon la revendication 5. caract6ris6es en ce qu*elles sont administrables par vole 
orale. 

7. Fomuilations pharmaceutiques selon la revendication 6, caract6ris6es en ce qu'elles sont sous forme de geiules 
ou conrprim6s gastror^sistants contenant de 50 ^ 500 mg des sels tels que d6f inis selon chacune des revendica- 
tions Let 2. 

8. Utilisation des sels selon chacune des revendications 1 . et 2, pour la production d'une composition pharmaceuti* 
que destin^e k ta prevention et au traitement des pathologies thrombotiques. ou atheroscterotk^ues. 
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Revendications pour I'Etat contractant sulvant : ES 



1. Proc£d6 de preparation de sets de glycosaminoglycanes avec des esters d'acides amines de fermuie : 

Rl -CH-COOR2 

I I 
NH2 



dans laquelle Ri repr^ente un atome cThydrog^ne, un groupe alkyle CyOs lin^aire ou ramif t6, un groupe aryle, un 
groupe arylalkyle substitu6 ou non substitu6, et R2 repr^sente un groupe alkyle CyC^2 lin^re ou ramifi6. un 
groupe cydoalkyte, un groupe aryle, ou un groupe arylalkyle, caractdris^ en ce qu*une &olutkyi aqueuse cf un sel 
alcaltn ou alcalinoterreux d* un glycosaminoglycane est mise d percoler k travers une colonne de chromatographie 
contenant une r^ine cationique activ^e sous forme K**. et que I'^luat ainsi obtenu. contenant le glycosaminogly- 
cane sous fomie acide, est versd directement dans une solution ak»ollque de Tester d'ackie amind de fbrmule : 

Rl -CH-COOR2 

I I 
NH2 



dans laquelle et R2 sont tels que d^crits plus haut, la quantity d'ester 6tant ^utmol^culaire par rapport aux 
groupements acide presents dans le glycosaminoglycane. pour donner une solution hydro-alcooGque qui est 6va- 
por6e sous vide pour ^limtner le solvant alcoolique, et qui est ensuite lyophilis^ 

2. Proc^d seion la revendication 1 , caract^rts^ en ce que le glycosaminoglycane est choisi parmi ITi^parme, les frac- 
tions d*h§panne de poids mol^laire compris entre 1.500 et 8.000 daltons. le glucuronylglycosaminoglycane sul- 
fate, le dennatan sulfate, ou les fractions de dermatan sulfate de poids mol6culaire compris entre 2.000 et 8.000 
daltons, tandis que les esters d'acides amines de fbrmule (0 sont choisis parmi les esters m6thyliques. ^hyliques. 
isc^ropytiques. ter-kxitylk^ues, Isoamyliques, ou benzyliques de la glycine, de la tyrosine, ou de la phenylalanine. 

3. Proc6d6 selon la revendication 1 , caract6ris6 en ce que la r6sine AG SOW XB sous forme H*, est la r6sine catfoni- 
que, et que le methanol est I'ateool utilise pour dissoudre Tester d'acide amin6 de fbrmule (I). 
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